Incidental rewarding cues influence economic decisions in people with obesity by Jakob Simmank et al.
ORIGINAL RESEARCH
published: 15 October 2015
doi: 10.3389/fnbeh.2015.00278
Frontiers in Behavioral Neuroscience | www.frontiersin.org 1 October 2015 | Volume 9 | Article 278
Edited by:
Angela Roberts,
University of Cambridge, UK
Reviewed by:
Ivan E. De Araujo,
The John B. Pierce Laboratory, USA
Alicia Izquierdo,





Received: 13 July 2015
Accepted: 28 September 2015
Published: 15 October 2015
Citation:
Simmank J, Murawski C, Bode S and
Horstmann A (2015) Incidental
rewarding cues influence economic
decisions in people with obesity.
Front. Behav. Neurosci. 9:278.
doi: 10.3389/fnbeh.2015.00278
Incidental rewarding cues influence
economic decisions in people with
obesity
Jakob Simmank 1, 2, Carsten Murawski 3, Stefan Bode 4 and Annette Horstmann 1, 2, 5*
1 Junior Research Group ’Decision-making in obesity’, IFB Adiposity Diseases, Leipzig University Medical Center, Leipzig,
Germany, 2Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany,
3Department of Finance, The University of Melbourne, Melbourne, Victoria, Australia, 4Decision Neuroscience Laboratory,
Melbourne School of Psychological Sciences, The University of Melbourne, Victoria, Australia, 5Collaborative Research
Centre, Leipzig University Medical Center, Leipzig, Germany
Recent research suggests that obesity is linked to prominent alterations in learning
and decision-making. This general difference may also underlie the preference for
immediately consumable, highly palatable but unhealthy and high-calorie foods. Such
poor food-related inter-temporal decision-making can explain weight gain; however, it is
not yet clear whether this deficit can be generalized to other domains of inter-temporal
decision-making, for example financial decisions. Further, little is known about the stability
of decision-making behavior in obesity, especially in the presence of rewarding cues. To
answer these questions, obese and lean participants (n = 52) completed two sessions
of a novel priming paradigm including a computerized monetary delay discounting task.
In the first session, general differences between groups in financial delay discounting
were measured. In the second session, we tested the general stability of discount rates.
Additionally, participants were primed by affective visual cues of different contextual
categories before making financial decisions. We found that the obese group showed
stronger discounting of future monetary rewards than the lean group, but groups did not
differ in their general stability between sessions nor in their sensitivity toward changes in
reward magnitude. In the obese group, a fast decrease of subjective value over time
was directly related to a higher tendency for opportunistic eating. Obese in contrast
to lean people were primed by the affective cues, showing a sex-specific pattern of
priming direction. Our findings demonstrate that environments rich of cues, aiming at
inducing unhealthy consumer decisions, can be highly detrimental for obese people. It
also underscores that obesity is not merely a medical condition but has a strong cognitive
component, meaning that current dietary and medical treatment strategies may fall too
short.
Keywords: inter-temporal decision-making, obesity, priming, delay discounting, gender, eating behavior,
decision-making
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INTRODUCTION
Obesity is associated with a positive energy balance: Energy
intake exceeds energy expenditure. In this context, dietary
choices seem to be a crucial factor to the development and
maintenance of obesity. Dietary choices can be characterized by
the trade-off between highly palatable, high-calorie and easily
accessible but often less healthy (e.g., convenience or take-
away) food, and more healthy food contributing to the long-
termmaintenance of normal-weight. Paradoxically, subjects with
obesity often exhibit a preference for high-calorie food despite
having dietary goals to the contrary.
How can this behavior be explained? First, obesity may be
paralleled by a general preference for immediately consumable
rewards, i.e., highly palatable, high-calorie food. Second, choice
behavior might be less stable in general and thus might often
produce decisions that are not in line with subjective dietary
goals. Third, choice behavior of subjects with obesity may be
easily disturbed by internal or external factors such as stress
or incidental rewarding cues in the environment. Differences
between lean and obese people in the stability of inter-temporal
decision-making preferences to external cues would have serious
implications for our understanding of obesity. The abundance
of food-related cues in our everyday life requires a certain
robustness of decision-making preferences in order to maintain
normal weight. Hence, instability in decision-making preferences
is likely to be detrimental, because it might lead to the
neglect of long-term dietary and weight maintenance goals and
consequently to obesity.
Recent research indeed suggests obesity-associated differences
in reward-based and impulsive decision-making even outside the
food context. For example, obese subjects exhibited difficulties in
inhibiting prepotent responses in a stop-signal task (Nederkoorn
et al., 2006) and in a Go/No-Go task (Batterink et al., 2010;
Kamijo et al., 2012), and chose immediate rewards at the
expense of higher future losses more often than controls in
the Iowa Gambling Task (Pignatti et al., 2006; Brogan et al.,
2010; Horstmann et al., 2011). In animal models it has been
shown that intertemporal decision-making preferences might
depend on diet, the amount of body fat mass, or the hormonal
regulation of energy homeostasis. Leptin-deficient obese rats
more often did not wait for a delayed but bigger portion of food
(Boomhower et al., 2013) and exhibited an overall higher degree
of sensitivity to reinforcement (Buckley and Rasmussen, 2012).
Moreover, the behavior of rats that have been fed by a high-
fat diet was more sensitive to antidopaminergic agents than the
behavior of rats fed by a standard-chow diet. After administering
Haloperidol they showed a more pronounced increase in
future discounting (Boomhower and Rasmussen, 2014). This
suggests that the interplay of diet and dopaminergic transmission
influences intertemporal decision-making. In contrast, human
studies directly investigating inter-temporal decision-making
using monetary rewards have produced ambiguous results
so far. Inter-temporal decision-making, i.e., deciding between
immediate rewards, which are smaller in size, and rewards,
which are delayed in time but have an overall higher value,
essentially mirrors the trade-off in dietary choice described
above. Studies investigating inter-temporal decision-making
using delay discounting tasks in obesity showed either no
differences between lean and obese subjects (Nederkoorn et al.,
2006), behavioral differences were accounted for by differences
in socioeconomic status (Davis et al., 2010), or differences were
observed in obese women only (Weller et al., 2008). Thus, it
is still unclear whether obese people’s preference for immediate
rewards in the food context can be transferred to the context of
inter-temporal decision-making with monetary rewards.
Further, little is known about the overall stability of decision
preferences and their susceptibility to environmental cues in
obese compared to lean people. However, research on eating
behavior suggests a highly consistent positive relationship
between body mass index (BMI) and the “disinhibition” subscale
of the Three Factor Eating Questionnaire (TFEQ; Stunkard and
Messick, 1985), also conceptualized as “opportunistic eating’
(Bryant et al., 2008; Hays and Roberts, 2008; Dietrich et al., 2014;
for a review on the impact of different eating behavior scores
on BMI see: French et al., 2012). Opportunistic eating describes
the lack of control over eating, especially in the presence of
tempting external cues or situations. Recently, it has been shown
experimentally that obese men respond habitually with appetitive
behavior to cues signaling the availability of food reward even
in the absence of subjective food motivation (Horstmann et al.,
2015a). In support, the rise in the prevalence of obesity coincided
with a significant change in food environment (Hill and Peters,
1998; Leung et al., 2011) with highly palatable and often
unhealthy food being available virtually everywhere (“obesogenic
environment”; cf. Jeffery and Utter, 2003). Consistently, previous
research suggests that obese subjects’ preferences in the context
of eating behavior are susceptible to external cues, which are
incidental to the decision at hand, e.g., a higher degree of
“opportunistic eating” (Bryant et al., 2008; Hays and Roberts,
2008), signifying instability toward environmental cues, the
emotional state present at the moment of decision (“emotional
disinhibition,” Hays and Roberts, 2008), induced stress (for
a review see: Scott and Johnstone, 2012), and a stronger
responsiveness to food in general (Carnell and Wardle, 2007,
2008; García-García et al., 2014). Moreover, opportunistic eating
entails a set of personality characteristics that likely ranges
beyond eating behavior (cf. Bryant et al., 2008). This raises the
important question whether the susceptibility to external cues
that obese subjects exhibit in the food context can be generalized
to other domains of decision-making.
The present study addresses three important open questions:
Firstly, we address a potential difference in inter-temporal
preferences between lean and obese people. Further, we
investigate the general stability of delay discounting task
performance and the stochasticity of decisions in lean and obese
subjects. Thirdly, we investigate differences in the susceptibility
to priming between lean and obese participants by investigating
the contextual stability of decision-making behavior toward
external cues in both groups. In order to test for the stability
of discounting task performance, the same group of participants
underwent two delay discounting task sessions. Additionally,
in order to test for the susceptibility of reward-based decision-
making toward incidental cues, participants completed a
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behavioral priming task. We administered a standard delay
discounting task which entailed an additional priming session in
which participants where presented with rewarding pictures of
different context categories. Behavioral priming has been proven
to be effective in a number of circumstances (Strahan et al., 2002;
Dijksterhuis et al., 2005; Guitart-Masip et al., 2010; Bijleveld et al.,
2012), including delay discounting tasks (Van den Bergh et al.,
2008; Murawski et al., 2012; Kim and Zauberman, 2013; Van der
Wal et al., 2013; Luo et al., 2014).
METHODS
Subjects
Fifty-two subjects (26 female) were recruited from the participant
database of the Max Planck Institute for Human Cognitive
and Brain Sciences in Leipzig, Germany. They were screened
with regard to inclusion and exclusion criteria during an
initial telephone interview. Inclusion criteria were (i) Body
Mass Index (BMI) either between 18.5 and 25 kg/m2 (lean
group) or 30 and 40 kg/m2 (obese group), (ii) age between
18 and 35 years, and (iii) normal or corrected-to-normal
vision (for demographics see Table 1). Exclusion criteria
were (i) any medical condition, except for hypertension, (ii)
current medication, except for anti-hypertensives and oral
contraceptives, (iii) current or past diagnosis of an addictive
disorder, including smoking, (iv) a history of mood disorders,
eating disorders or neuropsychological disorders, including
anxiety disorders and obsessive compulsive disorders (OCD).
Participants’ height and weight were measured in their first
laboratory session to confirm self-reported values. Further,
participants completed the Beck Depression Inventory (BDI,
Beck et al., 1996) and the Yale Food Addiction Scale (YFAS,
Gearhardt et al., 2009), and were excluded from the study when
exceeding the cut-off value of 18 on the BDI or meeting the
criteria for “Food Addiction” on the YFAS.
The study was carried out in accordance with the Declaration
of Helsinki and was approved by the local ethics committee of the
University of Leipzig. Participants gave their written informed
consent before taking part in the study. They were reimbursed
with a base payment of e7 per hour. In addition, they had a
chance to win a monetary reward that depended on their choices
in the experimental session (see below).
Questionnaires
To control for the most important factors that potentially
affect inter-temporal decision-making, we measured general
intelligence (cf. Shamosh and Gray, 2008), education level,
and household income (cf. Green et al., 1996). General
intelligence was assessed by an adapted version of Raven’s
progressive matrices, the Wiener Matrizen-Test (Formann
and Piswanger, 1979), while secondary school qualification,
professional qualification, and household income were assessed
by a short education and income questionnaire (see Table 1).
Other potential confounding factors were impulsivity and
sensitivity to reward (SR; De Wit et al., 2007). We assessed
impulsivity using the U-P-P-S impulsivity questionnaire
(Whiteside and Lynam, 2001) and the 15-item German version
of the Barratt-Impulsiveness Scale 11 (Patton et al., 1995; Meule
et al., 2011), and SR using the Behavioral Inhibition System and
Behavioral Activation System questionnaire (BIS/BAS, Carver
and White, 1994).
Delay discounting has been linked to subjective time
perception (Zauberman et al., 2009; Han and Takahashi, 2012;
Cooper et al., 2013). Thus, we additionally assessed participants’
subjective perception of the length of objective time horizons
(Zauberman et al., 2009; Cooper et al., 2013).
Inter-temporal Decision-making
Each participant completed two experimental sessions that took
place on different days (mean number of days between sessions
63.1; SEM = 5.3). In the first session (Baseline session) differences
TABLE 1 | Participant demographics.
Lean Obese t p Male Female t p
BMI 22.6±1.52 34.69± 2.61 20.41 0.01 28.78± 6.18 28.51± 6.85 0.15 0.88
Age 25.96±3.33 27.08± 4.2 1.06 0.3 26.88± 3.27 26.15± 4.3 0.69 0.49
WMT score 16.38±4.26 17.27± 4.56 0.72 0.47 17.42± 3.64 16.23± 5.04 0.98 0.33
Lean Obese Mann-Whitney-U p Male Female Mann-Whitney-U P
Household income 1.5±0.71 2.03± 0.82 216 0.02 1.77± 0.76 1.77± 0.86 332 0.91
Parents’ household income 1.73±0.83 1.81± 0.63 297.5 0.55 1.65± 0.69 1.88± 0.77 282 0.27
Contentment with current income 3.0±0.87 2.81± 0.82 297.5 0.43 2.81± 0.75 2.96± 0.82 308 0.56
Secondary school education 2.81±0.4 2.65± 0.63 307 0.44 2.81± 0.49 2.65± 0.56 288 0.21
Professional qualification 3.7±1.26 3.31± 1.32 284 0.3 3.73± 1.12 3.27± 1.43 282 0.28
Demographics by gender and weight status groups (mean ± s.d.). BMI = body mass index = bodyweight/height2 in kg/m2; WMT score = Values from Wiener Matrizzen Test, Formann
and Piswanger (1979); Household income = 3-point scale ranging from low (0–700e) over intermediate (701–1300e) to high (>1300e); Parent’s annual household income = 3-point
scale ranging from low (<30000e per annum) over intermediate (30000–60000e per annum) to high (>60000e per annum); Contentment = 4-point scale ranging from “much too little”
over “too little” and “sufficient” to “I don’t have to worry about money”; Secondary school education = 3-point scale from “no secondary school qualification” to “A level”; Professional
qualification = 5-point scale ranging from “no qualification” to “master’s degree.”
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in inter-temporal decision-making between obese and lean
subjects were assessed using a standard delay-discounting task.
In the second session (Priming session), temporal stability of
inter-temporal preferences was assessed as well as the influence
of incidental reward cues on inter-temporal decision-making.
Delay-discounting Task
Participants completed a computerized version of a delay-
discounting task, implemented in Matlab and the Psychophysics
Toolbox. In each trial, participants were asked to choose between
a monetary reward that was available immediately but smaller
(smaller and sooner option, SS), and a monetary reward that was
larger but only available after a delay (larger and later option, LL);
for example,e20 today vs.e32.50 in 4 months. Participants were
instructed to choose the option that they prefer and to evaluate
each decision independently of all other decisions.
Trial procedure
Each trial started with a screen on which the two choice options,
i.e., the two amounts of money together with their respective
delays (SS and LL options), were presented for 3 s, one above
a fixation cross at the center of the screen and one below
the fixation cross. Subsequently, the same choice options were
displayed in a horizontal arrangement, initiating the response
stage (2 s) in which participants had to indicate their choice
via a key press. Positions of SS and LL options on the screen
(top/bottom and left/right) were counterbalanced across the
task. Initially, 10 practice trials were presented to familiarize
participants with the task procedure. During these trials the
experimenter was present to answer questions and ensure that
the participant understood the instructions.
Incentive compatibility of rewards
To incentivise participants to reveal their preferences, we
rendered the rewards in the task incentive-compatible: At the
end of each session, each participant had a 1-in-6 chance (dice
roll) to win one of the choices made during the session. If the
participant won, a trial was chosen at random and the participant
was paid the chosen amount at the chosen delay. The money was
transferred to the participants’ bank account after the respective
delay.
Baseline Session
The aim of the first experimental session was to estimate a
participant’s discount function. To obtain precise estimates we
adopted a two-step procedure. In the first step, a titration task
(“Dynamic Adjustment task,” DA) was administered to obtain
a first set of (approximate) parameter estimates. In the second
step, a randomized choice task (“Random Choice task,” RC),
parameterized based on the DA task, was used to validate the
parameters estimated in the DA task and to improve the precision
of parameter estimates.
Dynamic adjustment task
Discount rates vary widely across the population. The DA
task approximated each participant’s indifference points (ip)
by dynamically adjusting the percentage difference (r) between
SS (always immediate) and LL amounts using a staircase
procedure. The task terminated when the difference between the
previous and the newly computed value of r was sufficiently
small (<0.015). We determined ips for six delays (1/2/4/6/9/12
months). Due to the adaptive nature of this task, trial numbers
differed between subjects.
Random choice task
In the Random Choice (RC) task participants were presented
with a series of choices between SS and LL rewards, which were
calibrated based on the results of the DA task. At each of six
delays (1/2/4/6/9/12 months), six different amounts were shown.
The amounts were multiples of the ip obtained in the DA task
for the particular delay [0.25; 0.55; 0.85; 1.15; 1.45; 1.75]. Each
amount x delay combination was administered 4 times, resulting
in 144 trials (6 amounts/delay × 6 delays × 4 repetitions).
Amount/delay combinations were presented in random order.
We recorded reaction times (RT) in both tasks.
Priming Session
In the second session participants completed the DA task
followed by a RC task. In this session, only two delays (2 and 4
months) were used. The two tasks (DA and RC) provided precise
estimates of participants’ discount function parameters and
validated them, as described above. Subsequently, participants
completed a Primed RandomChoice task (PRC). In the PRC task,
participants’ susceptibility to incidental external cues, which were
hypothesized to systematically affect inter-temporal decision-
making, was assessed. The cues used in the task were rewarding
pictures from different context categories. The first category of
images contained pictures depicting couples engaging in sexual
behavior (erotic condition). Prior research showed that erotic
pictures bias a person’s choice behavior toward more present-
oriented choices in a delay-discounting task (Van den Bergh
et al., 2008; Kim and Zauberman, 2013). The second category
contained images of highly palatable food items (food condition).
Given the fact that obese people perceive and process food cues
differently than lean people (e.g., Rothemund et al., 2007; Wang
et al., 2009; Nijs et al., 2010), we expected a differential effect
of these pictures depending on weight status groups. The third
and last category contained images of happy old people and
family scenes (social condition), which can be conceptualized—
in contrast to pictures from the first category—as secondary
reinforcers. However, as obese subjects are highly stigmatized
by society (for a review: Puhl and Heuer, 2009), it is likely that
they perceived the pictures, similar to the pictures from the food
condition, differently than lean.
Priming image selection
All images used in the PRC task were selected from the
International Affective Picture System (IAPS; Lang et al., 1997;
see Supplementary Material for numbers). All pictures were
of high positive valence in order to be perceived as generally
rewarding (see norm ratings in Lang et al., 2008). Images were
selected in two steps. In the first step, we identified a set
of candidate images that fitted into one of the three context
categories described above. In the second step, the candidate
images were rated by an independent sample of 44 participants
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with demographic characteristics comparable to the study sample
[23 lean (12 female), 21 obese (11 female); mean age (obese) =
27.52 (SD = 3.66), mean age (lean) = 25.83 (SD = 3.07); mean
BMI (obese) = 34.32 (SD = 2.31), mean BMI (lean) = 22.33
(SD = 1.62); t-test for group difference showed no significant
difference for age: t(43) = 0.68; p > 0.05, but a significant
group difference for BMI: t(43) = 20.31; p < 0.01]. Ratings of
perceived valence and arousal of the images were assessed using
a nine-point rating scale.
For each of the three context categories described above, we
selected six images such that all 18 images had high positive
valence and high arousal, and that only two pictures exhibited
statistically significant group differences in the mean ratings of
valence or arousal [arousal rating of IAPS picture 4695 (erotic
condition): menM (SD) = 1.76 (0.94), womenM (SD) = 2.87
(2.26), t(42) = 2.15, p = 0.03; valence rating of IAPS picture 7405
(food condition): leanM (SD)= 2.43 (1.85), obeseM (SD)= 3.76
(1.61), t(42) = 2.52, p = 0.02; see Table 2 and Supplementary
Material].
Primed Random Choice task
The subsequent Primed RandomChoice task (PRC) task assessed
(i) whether incidental reward cues, as operationalized by the
positive images, can bias participants’ inter-temporal decision-
making, and (ii) whether the factors weight status and gender are
associated with the extent to which these images bias participants’
behavior in inter-temporal decision-making.
TABLE 2 | IAPS pictures used for priming.












4695 Naked couple 1.84 ± 1.41 6.53 ± 2.04
4645 Kiss 1.68 ± 1.07 4.65 ± 2.43
4650 Intimate naked couple 2.39 ± 1.30 5.84 ± 2.18
4676 Naked couple 1.80 ± 1.32 6.55 ± 2.10
4693 Naked couple 2.02 ± 1.41 5.57 ± 2.55












7351 Pizza 2.95 ± 2.00 3.89 ± 1.82
7400 Chocolate 3.50 ± 1.86 3.73 ± 1.81
7405 Muffins 3.27 ± 1.98 3.59 ± 1.83
7470 Pancakes 3.09 ± 2.07 3.75 ± 1.93
7480 Pasta 2.7 ± 1.8 3.20 ± 1.97












2152 Mother and infant 2.09 ± 1.96 3.32 ± 2.09
2165 Father hugging child 1.93 ± 1.58 3.75 ± 2.29
2370 Laughing old men 3.09 ± 2.03 3.30 ± 1.94
2495 Old man 4.50 ± 1.84 3.25 ± 2.01
2500 Old man 3.05 ± 1.70 3.18 ± 2.08
2510 Laughing old lady 2.93 ± 2.25 2.95 ± 1.51
Rating scores for priming images (mean ± s.d.). Valence ranging from 1 (=very high
valence) to 9 (=very low valence) and Arousal ranging from 1 (=very low arousal) to 9
(=very high arousal).
Each trial in the task consisted of two stages, a priming stage
and a decision stage. During the priming stage, one picture
from the picture set was randomly drawn and presented for a
jittered duration of 3–5 s (sized 375 × 500 pixels, displayed at
the center of the screen). To withdraw attention from the images
during the priming stage, we included a sustained attention
task: simultaneously to picture onset, a box appeared at the
center of the screen (see Figure 1). The left and right sides of
the box opened and closed again in 500ms intervals between 3
and 4 times in random order while the picture was displayed
(Tusche et al., 2010). Participants had to indicate via key press
which side of the box was open. Note, however, that the
images were still clearly visible and could be visually processed.
Immediately following image presentation the choice options
(SS/LL rewards) were displayed, followed by a response screen
(see RC task above). In each trial, one of 12 LL amounts was
shown, which were multiples of the indifference point estimated
in the preceding RC task (0.1; 0.15; 0.65; 0.75; 0.85; 0.95; 1.05;
1.15; 1.25; 1.35; 1.85; 1.9). The large number of amounts per delay
allowed us to separately investigate easy and difficult trials. We
defined difficult trials as trials in which the LL amount was close
the participant’s indifferent point at that given delay, i.e., close
to r = 1 (see Table 3). We hypothesized that difficult decisions
were the most likely to be affected by incidental rewarding cues
whereas easy trials, i.e., trials in which the LL amount was
far away from the indifference point, were less susceptible to
influences by incidental cues. Amount/delay combinations were
randomly presented, and each combination was presented three
times in each of the following five conditions: (a) a neutral
condition in which choices were not primed, that is, no picture
was shown, (b) the erotic priming condition, (c) the food priming
condition, (d) the social priming condition and, lastly, (e) a
condition in which the presentation of a random picture was
not followed by a delay discounting trial. All together the task
session consisted of 288 trials. After completion of the PRC task,
participants rated all images shown in the task using the same
procedure as described for the Rating task (see above).
Estimation of Discount Function
To model participants’ choices, we assumed that participants
value choice options according to a discount function.We further
assumed that the probability of choosing a particular option in a
given trial was given by the softmax function (see e.g., Kable and
Glimcher, 2007). More precisely, we assumed that in each trial a






where SV(SS) and SV(LL) are the subjective values of the smaller,
sooner and the larger, later amount, respectively, and s is the
variance of the logistic distribution (1/s is often referred to as the
gain of the softmax function).
To determine the shape of participants’ discount function, we
fitted three different candidate models to participants’ choices
and compared goodness-of-fit statistics of those models. In line
with previous literature, we considered the exponential model
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FIGURE 1 | Illustration of the experimental paradigm.
(e.g., Samuelson, 1937), the hyperbolic model (e.g., Mazur, 1987),
and the quasi-hyperbolic model (e.g., Laibson, 1997). In the





where r denotes the discount rate and τ denotes the delay. The





where k denotes the discount rate and τ denotes the delay. Finally,
in the quasi-hyperbolic model, the discount function is given by
SV = βδτ ,
where β denotes the present bias, δ denotes the discount factor
and τ denotes the delay. In contrast to the discount factor δ
describing the decrease of subjective value over time, the present
bias β is a fixed discount of delayed rewards, irrespective of delay.
In addition to these parameters, we estimated s, the variance
of the logistic distribution. The larger the parameter s, the
shallower the softmax function and the lower the sensitivity of a
participant’s choices to differences in the values of the two choice
options.
Parameters of the discount function and softmax model were
estimated based on participants’ choices in the RC task using
maximum likelihood estimation (“fmin” function in Matlab).
RESULTS
Questionnaires
Obese participants were more likely to have a high or
intermediate household income than lean participants but
showed no significant difference in education, parents’ household
income, contentment with current income, and IQ scores. No
gender differences were found within or between groups for any
of these variables (for all details and statistics see Table 1).
We found no significant differences between obese and lean
participants on scores or sub-scores of the Barratt Impulsiveness
Scale, the U-P-P-S impulsivity questionnaire and the BIS/BAS
questionnaire. However, women compared tomen (across weight
groups) exhibited higher scores on the Behavioral Inhibition
Scale and the U-P-P-S Urgency scale and lower scores on the
U-P-P-S Sensation Seeking scale (Table 4). Testing for gender ×
weight status interactions revealed that women in the lean
group had higher BIS scores than men in this group while this
interaction proved only trend-significant in the obese group [lean
womenM (SD) = 20.31(3.88), lean menM (SD) = 17.38 (3.0),
t(24) = 2.15, p = 0.04; obese womenM (SD) = 19.92 (3.73),
obese menM (SD) = 17.08 (4.6), t(24) = 1.74, p = 0.1].
Similarly, women in the lean group exhibited higher U-P-P-S
Urgency scores than lean men while this interaction did not
prove significant for the obese group [lean womenM (SD) =
27.69 (6.0), lean menM (SD) = 23.15 (3.91), t(24) = 2.29,
p = 0.03; obese womenM (SD) = 28.54 (5.8), obese menM
(SD) = 24.92 (6.13), t(24) = 1.55, p = 0.14]. No other significant
interactions were found.
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TABLE 3 | Reaction times.






Baseline-DA 1088 1079 0.04 0.84 1128 1040 4.31 0.04
Baseline-RC 1030 970 2.06 0.16 1060 940 9.18 0.00
Baseline-sum 984 973 0.15 0.70 1009 948 6.00 0.02
Priming-DA 1036 997 0.79 0.38 1058 974 3.78 0.06
Priming-RC 1015 942 2.73 0.11 1020 937 3.68 0.06
Priming-PRC 945 865 3.84 0.06 951 858 5.32 0.03






ls Baseline-RC 1005 947 1.74 0.19 1026 926 8.20 0.01
Priming-RC 974 892 3.31 0.08 977 889 3.91 0.05
Priming-PRC 912 825 4.97 0.03 923 814 8.25 0.01








ls Baseline-RC 1065 998 2.17 0.15 1104 959 4.28 0.04
Priming-RC 1050 993 1.44 0.24 991 906 1.50 0.23
Priming-PRC 962 903 1.80 0.19 1051 993 4.40 0.04
Priming-sum 978 919 1.95 0.17 978 887 4.28 0.04
Reaction Times in milliseconds by gender and weight status groups. Difficult trials are trials in which the SS/LL combination is close to the participant’s ip whereas in easy trials the
SS/LL combination is further away from the ip. (EASY = for RC, r = 0.25 × ip and r = 1.75 × ip; for PRC, r = 0.1 × ip, r = 0.15, × ip, r = 1.85 × ip, r = 1.9 × ip; DIFFICULT = for RC,
r = 0.85 × ip, r = 1.15 × ip; for PRC, r = 0.85 × ip, r = 0.95 × ip, r = 1.05 × ip, r = 1.15 × ip). One-way ANOVAs were used to assess group differences. Priming-sum, mean of all
easy/difficult trials of the Priming session.
TABLE 4 | Impulsivity and Sensitivity to Reward/Punishment questionnaires.
Lean Obese t p Male Female t p
U-P-P-S Urgency 25.42± 5.47 26.73± 6.13 −0.81 0.42 24.04± 5.12 28.12± 5.8 −2.69 0.01
U-P-P-S (Lack of) Perseverance 24.35± 4.14 24.27± 4.35 0.71 0.94 23.69± 3.4 24.92± 4.3 −1.15 0.26
U-P-P-S (Lack of) Premeditation 18.85± 3.36 18.04± 4.42 0.69 0.50 19.38± 3.79 17.5± 4.49 1.64 0.11
U-15-item version of the Barratt-impulsiveness
Scale 11 (Patton et al., 1995; Meule et al., 2011)
34.27± 6.44 32.38± 6.79 1.03 0.31 35.15± 5.09 31.5± 7.52 2.05 0.05
BIS 18.85± 3.71 18.5± 4.35 −0.31 0.76 17.23± 3.8 20.12± 3.73 −2.76 0.01
BAS 40.73± 3.61 41.85± 4 −1.06 0.29 40.58± 3.96 42± 3.56 −1.63 0.18
BAS drive 12.38± 1.96 12.46± 2.01 −0.14 0.89 12.23± 2 12.62± 1.98 −0.70 0.49
BAS fun 12± 1.52 12.46± 1.56 −1.08 0.29 12.04± 1.46 12.42± 1.63 −0.90 0.37
BAS reward 16.35± 1.52 16.92± 1.81 −1.24 0.22 16.31± 1.67 16.96± 1.66 −1.42 0.16
BIS-15 30.19± 4.32 30.42± 5.62 −0.17 0.87 30.04± 4.51 30.58± 5.45 −0.39 0.70
BIS-15 non-planning 10.54± 2.73 10.42± 2.4 0.16 0.87 10.81± 2.55 10.15± 2.56 0.92 0.36
BIS-15 motor 10.88± 2.34 11.27± 2.71 −0.55 0.59 10.5± 2.32 11.65± 2.61 −1.69 0.10
BIS-15 attention 8.77± 2.05 8.73± 2.4 0.06 0.95 8.73± 2.22 8.77± 2.23 −0.06 0.95
Scores of different impulsivity and Sensitivity to Punishment and Reward Questionnaires, by gender and weight status groups (mean ± s.d.). BIS, Behavioral Inhibition System, Carver
and White (1994); BAS, Behavioral Activation System, Carver and White (1994); BIS-11, Barrat Impulsiveness scale 11- Total score, 1985.
Subjective Time Perception
In order to test for a potential influence of subjective time
perception on inter-temporal decision-making preferences we
assessed subjective perception of the length of a time interval of
2, 4, and 12 months on a visual analog scale (Zauberman et al.,
2009; Cooper et al., 2013) and fitted a Power-function to the
data (Cf. Kim and Zauberman, 2013). To detect potential group
differences we compared the parameters α and β taken from the
Power-model between subgroups. However, the analysis revealed
no significant main effect for gender [α: F(1, 50) = 3.66, p = 0.06;
β: F(1, 50) = 0.11, p = 0.75], obesity [α: F(1, 50) = 0.02, p = 0.88;
β: F(1, 50) = 0.00, p = 0.99], or for the interaction of gender ×
obesity [α: F(1, 48) = 0.09, p = 0.76; β: F(1, 48) = 1.64, p = 0.21].
Therefore, we assume that potential differences in inter-temporal
preferences between groups were independent of subjective time
perception.
Model Comparisons of Discount Functions
Choices in the temporal discounting task were best described by a
quasi-hyperbolic function (mean BIC values of themodel fitted to
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responses in RC task of the Baseline session: exponential model:
130.1 (SEM = 4.3; median = 130.8); hyperbolic model: 111.5
(SEM = 4.5; median = 106.8); quasi-hyperbolic model: 106.5
(SEM= 4.3; median = 98.8). Consequently, all following analyses
were based on the quasi-hyperbolic model.
Group Differences in Discounting
To investigate differences in inter-temporal decision-making
between lean and obese as well as male and female participants
we conducted group analyses on the parameters of the quasi-
hyperbolic model.
The mean value across the entire sample of the present bias
β was 0.72 (SD = 0.26). A two-way analysis of variance showed
no main effect for weight status [F(1, 51) = 1.21; p = 0.28],
no main effect for gender [F(1, 51) = 0.39; p = 0.54], and no
interaction between weight status and gender [F(1, 51) = 1.38;
p = 0.25].
The mean value of the discount factor δ was 0.92 (SD =
0.07). A two-way analysis of variance showed a main effect for
weight status group [F(1, 51) = 5.02; p = 0.03], with obese
participants exhibiting lower values of δ, meaning that obese
participants discount future rewards at a higher rate per unit of
time delay than lean (see Figure 2). If this effect were dependent
on socioeconomic status one would have expected an effect in the
opposite direction given that members of the obese group had
on average higher incomes than members of the lean group. The
analysis did not show a significant effect for gender [F(1, 51) =
0.079; p = 0.78], and no significant interaction between weight
status group and gender [F(1, 51) = 0.084; p = 0.77].
FIGURE 2 | Main effect of obesity on delay discounting parameter δ.
Obese subjects had lower values of the discounting parameter δ, independent
of gender. Error bars indicate standard errors of means (SEM).
Relationship Between Discount
Parameters and Questionnaire Data
Given that decisions in the eating behavior context often
resemble inter-temporal decision-making dilemmas, we aimed
at testing if delay discounting task performance was directly
related to disinhibition scores from the Three-Factor Eating
Questionnaire (TFEQ). We correlated scores of the subscale
disinhibition, which measures the degree of a propensity to
overeat in an obesogenic environment, with δ taken from the
quasi-hyperbolic model. We found that in obese in contrast
to lean subjects, the discount factor δ scores were inversely
correlated to disinhibition scores reflecting opportunistic eating
[see Figure 3, Spearman’s ρ (obese) = −0.46, p = 0.03;
Spearman’s ρ (lean) = 0.06, p = 0.79; two-tailed]. In other
words, we found that a fast decrease of subjective value over
time is directly related to a tendency to opportunistic eating. This
relationship holds true for obese participants only.
Based on a strong conceptual overlap of delay discounting and
self-report measurements of impulsivity/sensitivity to reward,
we further hypothesized the existence of a relationship between
measures of these two concepts. The present bias β was
positively correlated with BAS reward scores, indicating the
degree of a person’s positive response to a reward—anticipated or
occurring—, in the lean group [Spearman’s ρ (lean) = 0.44; p =
0.03; two-tailed] but not in the obese group [Spearman’s ρ (obese)
= 0.08, p = 0.68; two-tailed]. Conversely, β was negatively
correlated with U-P-P-S Urgency scores, measuring the strength
of experienced impulses, especially under negative affect, in the
obese group [Spearman’s ρ (obese) = −0.43; p = 0.03; two-
tailed], but entirely uncorrelated in the lean group [Spearman’s
ρ (lean) = −0.001, p = 0.99; two-tailed]. The discount factor δ
was negatively correlated with BAS reward scores in the entire
sample (Spearman’s ρ = −0.46; p = 0.01; two-tailed). Post-
hoc analyses showed that this effect was stronger in the obese
group (Spearman’s ρ (obese) = −0.54, p = 0.01; two-tailed)
and marginally failed to reach significance in the lean group
[Spearman’s ρ (lean)= −0.38, p = 0.06; two-tailed].
Finally, across groups we found that men, in contrast to
women, exhibited a positive correlation between BIS-15 motor
impulsivity scores and the stochasticity parameter s [Spearman’s
ρ (men) = 0.46, p = 0.02; Spearman’s ρ (women) = 0.15,
p = 0.46; all two-tailed]. Men, in contrast to women, exhibited
a direct relationship between a tendency to act without thinking
(motor impulsivity) and a low sensitivity toward changes in
reward magnitude in a delay discounting task, as described by
high values of s.
Reaction Times and Inter-temporal
Decision-making
We also investigated the relation between reaction times (RT)
and inter-temporal decision-making. Our analysis was based
on a correlational analysis of RTs and discount factors (δ
parameter in the discount function), quantifying the rate of de-
valuation of future rewards. Discount factors were computed
separately for each of the two tasks in the priming session. RTs
exhibited significant gender differences in both sessions, with
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FIGURE 3 | Relationship of delay discounting parameter δ to self-reported disinhibition of eating scores from the Three-Factor Eating Questionnaire
(TFEQ) in the obese group. Dotted line equals trend line.
women exhibiting faster RTs (for detailed statistics see Table 3).
Additionally, RTs in the PRC task of the Priming session were
faster by trend in the obese group [F(1, 50) = 3.84, p = 0.06].
This difference was significant when considering easy trials only
[F(1, 50) = 4.97, p = 0.03]. There was no significant difference
between RTs in the different priming conditions.
To test if the observed differences in RTs were related
to discounting behavior, we correlated RTs with participants’
discount factors in the RC and the PRC task of the priming
session, separately for gender groups. We found that for men,
independent of the weight status, RTs were positively correlated
with discount factors, implying that fast responses during inter-
temporal choices were associated with higher rates of discounting
of future rewards [for the RC task: Spearman’s ρ (men) = 0.44,
p = 0.03; Spearman’s ρ (women) = 0.24, p = 0.24; all two-
tailed; for the PRC task: (a) neutral condition: Spearman’s ρ
(men) = 0.49, p = 0.01; Spearman’s ρ (women) = 0.28, p =
0.17; all two-tailed; (b) social condition (Spearman’s ρ (men) =
0.42, p = 0.05; Spearman’s ρ (women) = 0.3, p = 0.14; all
two-tailed; (c) erotic condition: (Spearman’s ρ (men/women) =
0.34/0.16; all p > 0.05; all two-tailed; (d) food condition
Spearman’s ρ (men/women, food) = 0.39/0.12; all p > 0.05; all
two-tailed].
General Stability of Inter-temporal
Decision-making Preferences
We investigated two, presumably independent, aspects of
stability in inter-temporal decision-making preferences. First, we
examined the general stability of inter-temporal decision-making
preferences.We tested for the longitudinal stability of preferences
(between sessions) and for the stochasticity of decision-making,
a marker of the consistency of decisions and thus the stability of
internal value representations.
To examine participants’ temporal stability of decision-
making preferences, we compared discount factors between
sessions. We applied a Fisher-r-to-z transformation to the
coefficients of correlation between discount factors in the
Baseline and the Priming session. We found that correlations of
discount factors between sessions were high and not significantly
different between the lean and obese group [Z = 0.52,
p = 0.6, two-tailed; Pearson’s r (lean) = 0.89; Pearson’s
r (obese) = 0.92; correlations significant at the p < 0.01
level], and men and women [Z = 0.52, p = 0.06, two-
tailed; Pearson’s r (women) = 0.89; Pearson’s r (men) =
0.92; correlations significant at the p < 0.01 level]. This
suggests that inter-temporal preferences in both groups were
relatively stable over time in the absence of incidental rewarding
cues.
Next, we tested for differences in the degree of stochasticity of
participants’ behavior, as captured by parameter s in the quasi-
hyperbolic discount function. Analysis of group differences for
parameter s, a marker for the consistency of decisions and thus
the internal stability of value representations [M (SD) = 4.24
(5.45)], revealed no significant main effect for obesity [F(1, 51) =
0.23; p = 0.64] or gender [F(1, 51) = 0.55; p = 0.46] and no
significant interaction [F(1, 51) = 1.32; p = 0.26], suggesting that
the stability of internal value representations in obese and lean
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participants does not differ in the absence of contextual cues (see
above).
In sum, analysis of the general stability of inter-temporal
decision-making preferences—temporal stability and consistency
of decisions—revealed no differences between lean and obese.
Susceptibility of Inter-temporal
Decision-making to Incidental Rewarding
Pictures—Impact of Priming
Next, we investigated the influence of external factors on inter-
temporal decision-making to measure the stability of inter-
temporal preferences with regard to changes of context. To do
so, we tested if incidental rewarding stimuli (the affective pictures
from different context categories) had a significant priming
effect on inter-temporal decision-making. Further, we analyzed
whether this priming effect was systematically related to weight
status and gender.
Our analysis was based on a comparison of discount
factors (parameter δ) between priming conditions, with the
neutral (non-priming) condition as an intra-individual baseline
measure. Separate repeated-measures ANOVAs were performed
to compare potential priming effects for each of several categories
of images (erotic, food, social, see Table 2) between gender and
weight status groups.
First, we investigated the within-subject effect of priming in
separate ANOVAs for each image category in the entire sample.
The analysis revealed no significant priming effect for any of the
image categories [Ffood(1, 47) = 0.15, p = 0.7; Fsocial(1, 47) =
0.02, p = 0.88], even though the erotic priming effect revealed
trend-significance [Ferotic(1, 48) = 3.24, p = 0.08]. There was
no significant main effect on priming for weight status in any
category [Ferotic(1, 47) = 2.31, p = 0.14; Ffood(1, 46) = 0.23, p =
0.64; Fsocial(1, 46) = 0.03, p = 0.87] nor was there a main effect
for gender [Ferotic(1, 47) = 0.03, p = 0.87; Ffood(1, 46) = 0.79,
p = 0.38; Fsocial(1, 46) = 2.45, p = 0.13].
Second, we tested for gender× obesity interactions.We found
a gender× obesity effect for the food category as well as the social
category [Ffood(1, 44) = 4.21, p = 0.04; Fsocial(1, 44) = 4.24, p =
0.04], but no effect for the erotic category [Ferotic(1, 44) = 0.09,
p = 0.76]. The interaction revealed that obese women’s choices,
after exposure to visual cues from the food and social category,
tended to bemore future-oriented while obesemen’s choices were
more present-oriented (see Figure 4).
Relationship Between Priming Effect Size
and Self-Report Measures of Impulsivity,
Sensitivity to Reward (SR), General
Intelligence, and Inter-temporal
Preferences
We further analyzed whether the strength of subjects’
susceptibility toward external rewarding cues was related
to self-report measures of impulsivity (BIS-15 and U-P-P-
S impulsivity questionnaire), SR (BIS/BAS scores), general
intelligence (Wiener Matrizen Test), and parameters of the
discount function. No significant correlation between the
FIGURE 4 | Illustration of the interaction between gender and weight
status on the priming effect for the different priming categories. Values
below zero indicate priming toward more present choices, values above zero
indicate priming toward more future choices. Error bars indicate the standard
errors of means (SEM).
priming effect and self-report measures of impulsivity, SR or
general intelligence was found in any category (all Pearson and
rank correlations p > 0.05). However, we found a significant
correlation between the priming effect of erotic images with
β, the parameter capturing a “present bias” in discounting
(Spearman’s ρ = 0.45, p = 0.01). Single correlation analyses
showed that the effect was strongly driven by the lean group
[Spearman’s ρ (lean) = 0.6, p = 0.01; Spearman’s ρ (obese) =
0.15, p = 0.53] and men [Spearman’s ρ (men) = 0.57, p = 0.01;
Spearman’s ρ (women) = 0.28, p = 0.2] and most pronounced
in lean men [Spearman’s ρ (lean men) = 0.83, p = 0.01]. This
means that the lower the “present bias” in discounting, the higher
the degree of susceptibility of inter-temporal choices to priming
by erotic pictures, especially in lean men. However, the results
have to be treated with caution given that the priming effect for
erotic pictures proved only trend-significant (see above).
DISCUSSION
We investigated differences in inter-temporal choice between
people with obesity and lean control subjects. Our results showed
that obese subjects, independent of gender, devalued future
rewards at higher rates than healthy controls. The groups did not
differ in the stability of discounting behavior over time. Further,
we showed that a higher tendency of opportunistic eating was
associated with a higher reliance on immediatemonetary rewards
in the obese group. In addition, we found that obese subjects were
more susceptible to external cues. This effect was gender-specific
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in its direction: food and social cues reduced discounting in obese
women while they increased discounting in obese men. These
findings indicate that the specific context of decision-making
may play a substantial role in obesity and that this effect is not
attributable to less stability in value representations in obese
people.
Higher Discount Rates in Obese Subjects
An overreliance on immediate gratification can be assumed
in the context of dietary choices in obesity (Epstein et al.,
2010). Interestingly, our finding that obese in contrast to
lean participants also exhibited a strong preference for
immediately available monetary rewards suggests obesity-
associated alterations in domain-general decision-making
processes. A strong preference for immediate rewards might
be caused by differences in the computation of the value of the
choice options. Recent studies showed structural and functional
alterations of components of the valuation system in obesity
(Stoeckel et al., 2008; Horstmann et al., 2011; Mueller et al., 2011;
Nummenmaa et al., 2012; García-García et al., 2014). Hence,
one possibility is that the common mechanism underlying the
domain-general preference for immediate rewards is an altered
computation of decision values in individuals with obesity.
Dopamine has been shown to play an important role in cost-
benefit decision-making (Treadway et al., 2012) and motivation
(e.g., Hoebel et al., 2007; Kobayashi and Schultz, 2014). Human
obesity and diet-induced obesity as well as a prolonged high-
fat diet in rodents have been shown to produce pronounced
alterations in several components of dopaminergic transmission
(Cone et al., 2013; Narayanaswami et al., 2013; Sharma and
Fulton, 2013; Horstmann et al., 2015b) and the modulatory
endocannabinoid system (Cheer et al., 2004; Bello et al., 2012).
Convergent evidence highlights alterations in dopamine D2
receptor availability, dopaminergic tone, and the efficacy of
dopamine transporter (DAT). Thus, function of structures
receiving dopaminergic input and playing an important role
in inter-temporal choice such as ventral striatum, amygdala,
and prefrontal cortex might be compromised in obesity. In
the context of inter-temporal decision-making, subjective
value of the options is represented in ventral striatum, medial
prefrontal cortex and posterior cingulate cortex (Kable and
Glimcher, 2007, 2010), while activity in anterior cingulate cortex
supports the context-sensitive dynamic adjustment of preference
functions via input from amygdala, posterior cingulate cortex,
and hippocampus (Peters and Büchel, 2010). Recent research
suggests an even more pronounced role of the basolateral
amygdala as a central integrator of reward value, its history
and cost parameters (Wassum and Izquierdo, 2015), which
might be of particular interest in the context of inter-temporal
reward-based decision-making. Altered dopaminergic input
into these areas might thus produce (a) a general shift in delay
discounting preferences and (b) a higher susceptibility of choice
parameters to the influence of external cues. In line with this
hypothesis, other studies demonstrated alterations in reward-
based decision-making or impulse-control in obese populations.
For example, obese people exhibited altered performance in the
Iowa Gambling Task (Pignatti et al., 2006; Brogan et al., 2010;
Horstmann et al., 2011; Koritzky et al., 2012), the stop signal
task (Nederkoorn et al., 2006) and a Go/No-Go task (Batterink
et al., 2010; Kamijo et al., 2012) when compared to their lean
counterparts.
Prior studies showed that obese women discount future
rewards steeper than lean women while no difference was
observed for men (Weller et al., 2008). In contrast, we found
comparable obesity-associated differences in discount rates
in both men and women. Our study differs in important
methodological aspects from the previous ones, which might
have contributed to the differential findings. In their task,
Weller and colleagues used hypothetical rewards with no real
consequences for participants, as well as very large monetary
amounts ($500 up to $50,000) and very long delays (up to 10
years). Even though the impact of the influence of reward type
(real vs. hypothetical rewards) remains debated (Johnson and
Bickel, 2002; Madden et al., 2003, 2004; Hinvest and Anderson,
2010), recent results showed that the use of real monetary
incentives in delay discounting tasks led to shallower delay
discounting functions when compared to hypothetical monetary
incentives (Hinvest and Anderson, 2010). In addition, it has been
shown in a delay discounting task that higher monetary amounts
led to shallower discount functions, which has been termed the
“magnitude effect” (Thaler, 1981; Green et al., 1999; Estle et al.,
2006; Mitchell and Wilson, 2010). In our study, we used smaller
monetary amounts, but participants had the chance to win one of
the choices made during the experiment, creating real incentives
for task performance and making our task more realistic.
Further, we carefully matched gender and weight status
groups for general intelligence, age, income, and education,
as these factors seem to be linked to inter-temporal decision-
making preference (Green et al., 1996; Shamosh et al., 2008;
Davis et al., 2010). Another possible confound that we can rule
out is general differences in time perception (Takahashi, 2005;
Wittmann and Paulus, 2008; Zauberman et al., 2009), as our
study explicitly controlled for subjective time perception and
found no differences between groups.
Having established general differences in inter-temporal
choice between obese and lean people, our results further provide
first evidence for a direct link between characteristics of eating
behavior and inter-temporal preferences. A higher tendency
of opportunistic eating was associated with a higher reliance
on immediate monetary rewards in the obese group. Note,
however, that the association between general inter-temporal
decision-making preference and BMI cannot be fully explained
by “opportunistic eating,” since correlation strength was only
moderate. Other obesogenic characteristics of behavior, not
covered by the “opportunistic eating” scale, are most likely
additionally associated with general inter-temporal decision-
making preference. These might include factors adding to an
imbalance of energy uptake and energy expenditure, e.g., a
lack of physical activity. In order to clarify the mechanisms
by which inter-temporal decision-making preference exerts an
influence on body weight, future research should thus directly
address the relationships between inter-temporal decision-
making preferences and the composition of diet, e.g., the
variety of the diet (McCrory et al., 1999), the amount of
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consumed ultra processed and convenience foods (St-Onge et al.,
2003; Monteiro et al., 2011), and the composition of calorie
intake (Austin et al., 2011), as well as the amount of physical
activity.
Susceptibility to Environmental Cues
Our second major finding was an enhanced susceptibility to
environmental cues in inter-temporal decisions for obese people
as compared to healthy controls. Priming with rewarding images
led to a differential effect in obese women compared to obese
men.More specifically, after priming with visually depicted social
scenes (family and happy old people) and food, obese men’s
choices became more present-oriented whereas obese women’s
choices becamemore future-oriented. Lean subjects did not show
any significant susceptibility to the visual cues.
Priming has been shown to be effective in a number of
circumstances, including inter-temporal choice (Van den Bergh
et al., 2008; Zauberman et al., 2009; Murawski et al., 2012; Luo
et al., 2014). It is based on the assumption that the presentation
with an environmental cue biases the response to a subsequent
cue, which can be entirely unrelated, due to an implicit memory
effect activating association networks (Bargh, 1990; Tulving and
Schacter, 1990; Chartrand and Bargh, 1996) or to the fast and
automatic extraction of decision-relevant aspects of the stimuli
during exposure (Bode et al., 2014).
Recent research suggests that the direction of priming effects
observed in a general population depend on the perceived valence
of the cues utilized. The induction of positive and negative affect
by visual cues, i.e., happy and sad faces, has been shown to lead to
more present-oriented choices for positive cues and more future-
oriented choices for negative cues (Luo et al., 2014). Given the
opposing direction in obese men and women, it is reasonable to
assume that differential valuation and processing of the presented
cues might moderate the effect.
Obese men, on the one hand, were biased toward immediate
monetary rewards when presented with images of social scenes
and food. This is in line with our expectations, as food items in
particular have a high rewarding value in obesity (Rothemund
et al., 2007; Wang et al., 2009; Nijs et al., 2010) and strong
rewarding cues have been shown to bias a normal population
toward immediate rewards (Van den Bergh et al., 2008; Murawski
et al., 2012; Cooper et al., 2013; Van der Wal et al., 2013).
The future priming effect in obese women on other hand
might be explained by a differential perception of the cues
utilized. We hypothesize that obese women might have perceived
the presented social and food cues as more negative than obese
men due to differences in the implicit attitudes toward them.
Note that while such attitude biases were not expressed in the
explicit valence ratings for the presented pictures that did not
differ between gender groups, the persistence of implicit attitude
differences has been described before.
Obese women have been shown to exhibit more negative
implicit associations with food, especially high-fat food items
(Roefs and Jansen, 2002). Furthermore, it has been shown that
women in general had stronger inhibitory DLPFC activation in
response to food stimuli, leading to less ad libitum food intake
(Cornier et al., 2010).
This might apply to social cues as well. Research shows that
obese women in particular seem to suffer from the stigmatization
of obesity (Puhl and Heuer, 2009), especially in relationship
and social settings (Chen and Brown, 2005; Sheets and Ajmere,
2005). Given that the presented cues mirror typical social and
relationship settings, obese womenmight have evaluated the cues
implicitly as more negative than their male counterparts.
Luo et al. (2014) suggested a mechanism by which negative
affect could change decision-making preferences relying on
research showing that negative affect led to more goal-directed
decision strategies (Forgas, 1991) and systematic processing
(Loewenstein and Lerner, 2003). They used priming with sad
faces to induce negative affect and attributed priming toward
more future-oriented decisions to an ‘inhibition spillover effect’.
This theory states that inhibition in one domain, e.g., inhibiting
the emotional response to an affective visual cue, leads to an
inhibition in other domains, e.g., motor responses. This effect has
been hypothesized to be mediated by the right inferior frontal
cortex (rIFC), which is involved in domain-general inhibitory
processes (Berkman et al., 2009).
In the same way, the “inhibition spillover” effect could explain
the effect of environmental cues, implicitly valued negatively
by obese women, on inter-temporal choice in our study. If
some stimuli were perceived implicitly as negative and not
as rewarding, this may have necessitated an inhibition of the
triggered emotional response, and an “inhibition spillover” might
have reversed the expected decision pattern, priming obese
women toward more future-oriented choices.
Our results reveal a higher degree of susceptibility toward
environmental cues in obese. In obese men, in accordance with
findings in general populations, priming led to more immediate
choices. In contrast, obese women were primed toward more
future choices. For obese men, our results indicate that rewarding
environmental cues might be detrimental in that they lead to
an overreliance on immediate rewards in today’s enhanced food
environment aiming at inducing dietary short-sightedness (Hill
and Peters, 1998). For obese women, in contrast, our results
reveal a decision-making pattern that appears to be rather
protective in such an environment. However, in (other) addictive
disorders the degree of consumption of the drug of choice is
not directly linked to its implicit evaluation (Larsen et al., 2012),
which is often negative (Wiers et al., 2002; Roefs et al., 2011).
Transferred to the context of obesity, this might signify that
the degree of consumption of food is not linked to its implicit
evaluation. Thus, further research is required to establish a causal
link between such a priming effect and consumption of food in
the natural environment.
Conclusions
Our findings contribute to a growing body of literature that
challenges the notion that obesity is purely a medical condition
(Rippe and McInnis, 2001) but instead point to a strong
cognitive dimension, which can be shaped by environmental
factors. Subjects with obesity exhibit impairments in different
cognitive domains such as executive function, working memory
(Fitzpatrick et al., 2013), learning tasks (Coppin et al., 2014) and
behavioral control (Horstmann et al., 2015a), possibly mediated
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by non-linear changes within the central balance of phasic and
tonic dopaminergic signaling (Wang et al., 2001; de Weijer
et al., 2011; Dunn et al., 2012; Guo et al., 2014; Horstmann
et al., 2015a). Importantly, this indicates that treatment options
focusing on dietary changes and induction of physical activity
only might fall far too short. Instead, treatment might need
to address executive functioning (Hall et al., 2013; McClure
and Bickel, 2014), impulse control, and working memory
training (Shamosh and Gray, 2008; Shamosh et al., 2008; Bickel
et al., 2011) in order to shield decisions from environmental
influences. Further, pharmacological treatment options that
target alterations that might underlie both detrimental eating
behavior and cognitive impairments might prove successful.
Possible targets are dopaminergic transmission (e.g., Horstmann
et al., 2015a), µ-opioid receptor transmission (Cambridge et al.,
2013; Laurent et al., 2014; Sanchez-Roige et al., 2014) as well
as the endocannabinoid receptor system (Boomhower et al.,
2013; Watkins and Kim, 2015). These systems are most likely to
mutually affect reward-based decision-making in goal-directed
behavior (see e.g., Labouèbe et al., 2013).
ACKNOWLEDGMENTS
The authors thank Ramona Menger for her invaluable help
during subject recruitment and data acquisition. The work of
AH and JS was supported by the IFB Adiposity Diseases, Federal
Ministry of Education and Research (BMBF), Germany, FKZ:
01E01001 (http://www.bmbf.de). The work of AH was funded
by the German Research Foundation (DFG) (http://www.dfg.de),
within the framework of the CRC 1052 “Obesity Mechanisms,”
subproject A5. CM and SB were supported by a Faculty of
Business and Economics (University of Melbourne) Strategic
Initiatives Grant 2011. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation
of the manuscript.
SUPPLEMENTARY MATERIAL




Austin, G., Ogden, L., and Hill, J. (2011). Trends in carbohydrate, fat,
and protein intakes and association with energy intake in normal-weight,
overweight, and obese individuals: 1971–2006. Am. J. Clin. 2004, 836–843. doi:
10.3945/ajcn.110.000141
Bargh, J. A. (1990). “Auto motives. Preconscious determinants of social
interaction,” in Handbook of Motivation and Cognition: Foundations of Social
Behavior, Vol. 2, eds R. M. Sorrentino and E. T. Higgins (New York, NY:
Guilford Press), 93–130.
Batterink, L., Yokum, S., and Stice, E. (2010). Body mass correlates inversely with
inhibitory control in response to food among adolescent girls: an fMRI study.
Neuroimage 52, 1696–1703. doi: 10.1016/j.neuroimage.2010.05.059
Beck, A. T., Steer, R. A., and Brown, G. (1996). Manual for the Beck Depression
Inventory (BDI-II). San Antonio, TX: Psychological Corporation.
Bello, N. T., Coughlin, J. W., Redgrave, G. W., Ladenheim, E. E., Moran, T. H., and
Guarda, A. S. (2012). Dietary conditions and highly palatable food access alter
rat cannabinoid receptor expression and binding density. Physiol. Behav. 105,
720–726. doi: 10.1016/j.physbeh.2011.09.021
Berkman, E. T., Burklund, L., and Lieberman, M. D. (2009). Inhibitory
spillover: intentional motor inhibition produces incidental limbic
inhibition via right inferior frontal cortex. Neuroimage 47, 705–712. doi:
10.1016/j.neuroimage.2009.04.084
Bickel, W. K., Yi, R., Landes, R. D., Hill, P. F., and Baxter, C. (2011). Remember
the future: working memory training decreases delay discounting among
stimulant addicts. Biol. Psychiatry 69, 260–265. doi: 10.1016/j.biopsych.2010.
08.017
Bijleveld, E., Custers, R., and Aarts, H. (2012). Adaptive reward pursuit:
how effort requirements affect unconscious reward responses and conscious
reward decisions. J. Exp. Psychol. Gen. 141, 728–742. doi: 10.1037/
a0027615
Bode, S., Bennett, D., Stahl, J., and Murawski, C. (2014). Distributed patterns
of event-related potentials predict subsequent ratings of abstract stimulus
attributes. PLoS ONE 9:e109070. doi: 10.1371/journal.pone.0109070
Boomhower, S. R., and Rasmussen, E. B. (2014). Haloperidol and rimonabant
increase delay discounting in rats fed high-fat and standard-chow diets. Behav.
Pharmacol. 25, 705–716. doi: 10.1097/FBP.0000000000000058
Boomhower, S. R., Rasmussen, E. B., and Doherty, T. S. (2013). Impulsive-choice
patterns for food in genetically lean and obese Zucker rats. Behav. Brain Res.
241, 214–221. doi: 10.1016/j.bbr.2012.12.013
Brogan, A., Hevey, D., and Pignatti, R. (2010). Anorexia, bulimia, and obesity:
shared decision making deficits on the Iowa Gambling Task (IGT). J. Int.
Neuropsychol. Soc. 16, 711–715. doi: 10.1017/S1355617710000354
Bryant, E. J., King, N. A., and Blundell, J. E. (2008). Disinhibition: its effects on
appetite and weight regulation. Obes. Rev. 9, 409–419. doi: 10.1111/j.1467-
789X.2007.00426.x
Buckley, J. L., and Rasmussen, E. B. (2012). Obese and lean Zucker rats
demonstrate differential sensitivity to rates of food reinforcement in a choice
procedure. Physiol. Behav. 108, 19–27. doi: 10.1016/j.physbeh.2012.10.001
Cambridge, V. C., Ziauddeen, H., Nathan, P. J., Subramaniam, N., Dodds, C.,
Chamberlain, S. R., et al. (2013). Neural and behavioral effects of a novel Mu
opioid receptor antagonist in binge-eating obese people. Biol. Psychiatry 73,
887–894. doi: 10.1016/j.biopsych.2012.10.022
Carnell, S., and Wardle, J. (2007). Measuring behavioural susceptibility to obesity:
validation of the child eating behaviour questionnaire. Appetite 48, 104–113.
doi: 10.1016/j.appet.2006.07.075
Carnell, S., and Wardle, J. (2008). Appetite and adiposity in children: evidence for
a behavioral susceptibility theory of obesity. Am. J. Clin. Nutr. 88, 22–29.
Carver, C. S., and White, T. L. (1994). Behavioral inhibition, behavioral activation,
and affective responses to impending reward and punishment: the BIS/BAS
Scales. J. Pers. Soc. Psychol. 67, 319–333. doi: 10.1037/0022-3514.67.2.319
Chartrand, T. L., and Bargh, J. A. (1996). Automatic activation of impression
formation and memorization goals: nonconscious goal priming reproduces
effects of explicit task instructions. J. Pers. Soc. Psychol. 71, 464–478. doi:
10.1037/0022-3514.71.3.464
Cheer, J. F., Wassum, K. M., Heien, M. L. A. V., Phillips, P. E. M., and
Wightman, R. M. (2004). Cannabinoids enhance subsecond dopamine release
in the nucleus accumbens of awake rats. J. Neurosci. 24, 4393–4400. doi:
10.1523/JNEUROSCI.0529-04.2004
Chen, E. Y., and Brown, M. (2005). Obesity stigma in sexual relationships. Obes.
Res. 13, 1393–1397. doi: 10.1038/oby.2005.168
Cone, J. J., Chartoff, E. H., Potter, D. N., Ebner, S. R., and Roitman, M. F. (2013).
Prolonged high fat diet reduces dopamine reuptake without altering DAT gene
expression. PLoS ONE 8:e58251. doi: 10.1371/journal.pone.0058251
Cooper, N., Kable, J. W., Kim, B. K., and Zauberman, G. (2013). Brain activity in
valuation regions while thinking about the future predicts individual discount
rates. J. Neurosci. 33, 13150–13156. doi: 10.1523/JNEUROSCI.0400-13.2013
Coppin, G., Nolan-Poupart, S., Jones-Gotman, M., and Small, D. M. (2014).
Working memory and reward association learning impairments in obesity.
Neuropsychologia 65, 146–155. doi: 10.1016/j.neuropsychologia.2014.10.004
Frontiers in Behavioral Neuroscience | www.frontiersin.org 13 October 2015 | Volume 9 | Article 278
Simmank et al. Inter-temporal decision-making in obesity
Cornier, M., Salzberg, A., and Endly, D. (2010). Sex-based differences in the
behavioral and neuronal responses to food. Physiol. Behav. 99, 538–543. doi:
10.1016/j.physbeh.2010.01.008
Davis, C., Patte, K., Curtis, C., and Reid, C. (2010). Immediate pleasures and future
consequences. A neuropsychological study of binge eating and obesity.Appetite
54, 208–213. doi: 10.1016/j.appet.2009.11.002
de Weijer, B. A., van de Giessen, E., van Amelsvoort, T. A., Boot, E., Braak,
B., Janssen, I. M., et al. (2011). Lower striatal dopamine D2/3 receptor
availability in obese compared with non-obese subjects. EJNMMI Res. 1:37. doi:
10.1186/2191-219X-1-37
De Wit, H., Flory, J. D., Acheson, A., McCloskey, M., and Manuck, S. B.
(2007). IQ and nonplanning impulsivity are independently associated with
delay discounting in middle-aged adults. Pers. Individ. Dif. 42, 111–121. doi:
10.1016/j.paid.2006.06.026
Dietrich, A., Federbusch, M., Grellmann, C., Villringer, A., and Horstmann, A.
(2014). Body weight status, eating behavior, sensitivity to reward/punishment,
and gender: relationships and interdependencies. Front. Psychol. 5:1073. doi:
10.3389/fpsyg.2014.01073
Dijksterhuis, A., Smith, P. K., van Baaren, R. B., and Wigboldus, D. H. J. (2005).
The unconscious consumer: effects of environment on consumer behavior.
J. Consum. Psychol. 15, 193–202. doi: 10.1207/s15327663jcp1503_3
Dunn, J. P., Kessler, R. M., Feurer, I. D., Volkow, N. D., Patterson, B.W., Ansari, M.
S., et al. (2012). Relationship of dopamine type 2 receptor binding potential with
fasting neuroendocrine hormones and insulin sensitivity in human obesity.
Diabetes Care 35, 1105–1111. doi: 10.2337/dc11-2250
Epstein, L. H., Salvy, S. J., Carr, K. A., Dearing, K. K., and Bickel,W. K. (2010). Food
reinforcement, delay discounting and obesity. Physiol. Behav. 100, 438–445. doi:
10.1016/j.physbeh.2010.04.029
Estle, S. J., Green, L., Myerson, J., and Holt, D. D. (2006). Differential effects of
amount on temporal and probability discounting of gains and losses. Mem.
Cognit. 34, 914–928. doi: 10.3758/BF03193437
Fitzpatrick, S., Gilbert, S., and Serpell, L. (2013). Systematic review: are overweight
and obese individuals impaired on behavioural tasks of executive functioning?
Neuropsychol. Rev. 23, 138–156. doi: 10.1007/s11065-013-9224-7
Forgas, J. P. (1991). Affective influences on partner choice: role of mood in social
decisions. J. Pers. Soc. Psychol. 61, 708–720. doi: 10.1037/0022-3514.61.5.708
Formann, A. K., and Piswanger, K. (1979). Wiener Matrizen-Test. Ein Rasch-
skalierter sprachfreier Intelligenztest [Viennese Matrices Test: A Rasch-scaled
culture-fair intelligence test]. Weinheim: Beltz.
French, S., Epstein, L., and Jeffery, R. (2012). Eating behavior dimensions.
Associations with energy intake and body weight. A review. Appetite 59,
541–549. doi: 10.1016/j.appet.2012.07.001
García-García, I., Horstmann, A., Jurado, M. A., Garolera, M., Chaudhry, S. J.,
Margulies, D. S., et al. (2014). Reward processing in obesity, substance addiction
and non-substance addiction. Obes. Rev. 15, 853–869. doi: 10.1111/obr.12221
Gearhardt, A. N., Corbin, W. R., and Brownell, K. D. (2009). Preliminary
validation of the Yale Food Addiction Scale. Appetite 52, 430–436. doi:
10.1016/j.appet.2008.12.003
Green, L., Myerson, J., Lichtman, D., Rosen, S., and Fry, A. (1996). Temporal
discounting in choice between delayed rewards: the role of age and income.
Psychol. Aging 11, 79–84. doi: 10.1037/0882-7974.11.1.79
Green, L., Myerson, J., and Ostaszewski, P. (1999). Amount of reward has opposite
effects on the discounting of delayed and probabilistic outcomes. J. Exp. Psychol.
Learn. Mem. Cogn. 25, 418–427. doi: 10.1037/0278-7393.25.2.418
Guitart-Masip, M., Talmi, D., and Dolan, R. (2010). Conditioned
associations and economic decision biases. Neuroimage 53, 206–214. doi:
10.1016/j.neuroimage.2010.06.021
Guo, J., Simmons, W. K., Herscovitch, P., Martin, A., and Hall, K. D. (2014).
Striatal dopamine D2-like receptor correlation patterns with human obesity
and opportunistic eating behavior. Mol. Psychiatry 19, 1078–1084. doi:
10.1038/mp.2014.102
Hall, P. A., Fong, G. T., and Epp, L. J. (2013). Cognitive and personality
factors in the prediction of health behaviors: an examination of total, direct
and indirect effects. J. Behav. Med. 24, 1918–1927. doi: 10.1007/s10865-013-
9535-4
Han, R., and Takahashi, T. (2012). Psychophysics of time perception and valuation
in temporal discounting of gain and loss. Phys. A Stat. Mech. Appl. 391,
6568–6576. doi: 10.1016/j.physa.2012.07.012
Hays, N. P., and Roberts, S. B. (2008). Aspects of eating behaviors “disinhibition”
and “restraint” are related to weight gain and BMI in women. Obesity (Silver
Spring). 16, 52–58. doi: 10.1038/oby.2007.12
Hill, J. O., and Peters, J. C. (1998). Environmental contributions to the obesity
epidemic. Science 280, 1371–1374. doi: 10.1126/science.280.5368.1371
Hinvest, N. S., and Anderson, I. M. (2010). The effects of real versus hypothetical
reward on delay and probability discounting. Q. J. Exp. Psychol. (Hove) 63,
1072–1084. doi: 10.1080/17470210903276350
Hoebel, B. G., Avena, N. M., and Rada, P. (2007). Accumbens dopamine-
acetylcholine balance in approach and avoidance. Curr. Opin. Pharmacol. 7,
617–627. doi: 10.1016/j.coph.2007.10.014
Horstmann, A., Busse, F. P., Mathar, D., Müller, K., Lepsien, J., Schlögl,
H., et al. (2011). Obesity-related differences between women and men in
brain structure and goal-directed behavior. Front. Hum. Neurosci. 5:58. doi:
10.3389/fnhum.2011.00058
Horstmann, A., Dietrich, A., Mathar, D., Pössel, M., Villringer, A., and
Neumann, J. (2015a). Slave to habit? Obesity is associated with decreased
behavioural sensitivity to reward devaluation. Appetite 87, 175–183. doi:
10.1016/j.appet.2014.12.212
Horstmann, A., Fenske, W. K., and Hankir, M. K. (2015b). Argument for a non-
linear relationship between severity of human obesity and dopaminergic tone.
Obes. Rev. 16, 1–10. doi: 10.1111/obr.12303
Jeffery, R., and Utter, J. (2003). The changing environment and population obesity
in the United States. Obes. Res. 11, 12S–22S. doi: 10.1038/oby.2003.221
Johnson, M. W., and Bickel, W. K. (2002). Within-subject comparison of real
and hypothetical money rewards in delay discounting. J. Exp. Anal. Behav. 77,
129–146. doi: 10.1901/jeab.2002.77-129
Kable, J. W., and Glimcher, P. W. (2007). The neural correlates of subjective
value during intertemporal choice. Nat. Neurosci. 10, 1625–1633. doi:
10.1038/nn2007
Kable, J. W., and Glimcher, P. W. (2010). An “as soon as possible” effect in human
intertemporal decision making: behavioral evidence and neural mechanisms.
J. Neurophysiol. 103, 2513–2531. doi: 10.1152/jn.00177.2009
Kamijo, K., Khan, N. A., Pontifex, M. B., Scudder, M. R., Drollette, E. S., Raine,
L. B., et al. (2012). The relation of adiposity to cognitive control and scholastic
achievement in preadolescent children. Obesity (Silver Spring) 20, 2406–2411.
doi: 10.1038/oby.2012.112
Kim, B. K., and Zauberman, G. (2013). Can Victoria’s Secret change the future? A
subjective time perception account of sexual-cue effects on impatience. J. Exp.
Psychol. Gen. 142, 328–335. doi: 10.1037/a0028954
Kobayashi, S., and Schultz, W. (2014). Reward contexts extend dopamine signals
to unrewarded stimuli. Curr. Biol. 24, 56–62. doi: 10.1016/j.cub.2013.10.061
Koritzky, G., Yechiam, E., Bukay, I., and Milman, U. (2012). Obesity
and risk taking. A male phenomenon. Appetite 59, 289–297. doi:
10.1016/j.appet.2012.05.020
Labouèbe, G., Liu, S., Dias, C., Zou, H., Wong, J. C. Y., Karunakaran, S.,
et al. (2013). Insulin induces long-term depression of ventral tegmental area
dopamine neurons via endocannabinoids. Nat. Neurosci. 16, 300–308. doi:
10.1038/nn.3321
Laibson, D. (1997). Golden eggs and hyperbolic discounting. Q. J. Econ. 112,
443–477. doi: 10.1162/003355397555253
Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (1997). International Affective
Picture System (IAPS): Technical Manual and Affective Ratings. NIMH Center
for the Study of Emotion and Attention.
Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (2008). International Affective
Picture System (IAPS): Affective Ratings of Pictures and InstructionManual (Rep.
No. A-8). Gainesville, FL: University of Florida.
Larsen, H., Engels, R. C. M. E., Wiers, R. W., Granic, I., and Spijkerman, R. (2012).
Implicit and explicit alcohol cognitions and observed alcohol consumption:
three studies in (semi)naturalistic drinking settings. Addiction 107, 1420–1428.
doi: 10.1111/j.1360-0443.2012.03805.x
Laurent, V., Morse, A. K., and Balleine, B. W. (2014). The role of opioid
processes in reward and decision-making. Br. J. Pharmacol. 14, 1–30. doi:
10.1111/bph.12818
Leung, C. W., Laraia, B. A., Kelly, M., Nickleach, D., Adler, N. E., Kushi,
L. H., et al. (2011). The influence of neighborhood food stores on change
in young girls’ body mass index. Am. J. Prev. Med. 41, 43–51. doi:
10.1016/j.amepre.2011.03.013
Frontiers in Behavioral Neuroscience | www.frontiersin.org 14 October 2015 | Volume 9 | Article 278
Simmank et al. Inter-temporal decision-making in obesity
Loewenstein, G., and Lerner, J. (2003). “The role of affect in decision making,” in
Handbook of Affective Sciences, eds R. Davidson, K. Scherer, and H. Goldsmith
(Oxford: Oxford University Press), 619–642.
Luo, S., Ainslie, G., and Monterosso, J. (2014). The behavioral and neural effect
of emotional primes on intertemporal decisions. Soc. Cogn. Affect. Neurosci. 9,
283–291. doi: 10.1093/scan/nss132
Madden, G. J., Begotka, A. M., Raiff, B. R., and Kastern, L. L. (2003). Delay
discounting of real and hypothetical rewards. Exp. Clin. Psychopharmacol. 11,
139–145. doi: 10.1037/1064-1297.11.2.139
Madden, G. J., Raiff, B. R., Lagorio, C. H., Begotka, A. M., Mueller, A. M., Hehli, D.
J., et al. (2004). Delay discounting of potentially real and hypothetical rewards:
II. Between- and within-subject comparisons. Exp. Clin. Psychopharmacol. 12,
251–261. doi: 10.1037/1064-1297.12.4.251
Mazur, J. E. (1987). “An adjusting procedure for studying delayed reinforcement,”
in Quantitative Analyses of Behavior: Vol. 5. The Effects of Delay and of
Intervening Events on Reinforcement Value, eds M. L. Commons, J. E. Mazur,
J. A. Nevin, and H. Rachlin (Hillsdale, NJ: Erlbaum), 55–73.
McClure, S. M., and Bickel, W. K. (2014). A dual-systems perspective on addiction:
contributions from neuroimaging and cognitive training. Ann. N.Y. Acad. Sci.
1327, 62–78. doi: 10.1111/nyas.12561
McCrory, M. A., Fuss, P. J., McCallum, J. E., Yao, M., Vinken, A. G., Hays, N. P.,
et al. (1999). Dietary variety within food groups: association with energy intake
and body fatness in men and women. Am. J. Clin. Nutr. 69, 440–447.
Meule, A., Vögele, C., and Kübler, A. (2011). Psychometrische Evaluation der
deutschen Barratt Impulsiveness Scale – Kurzversion (BIS-15). Diagnostica 57,
126–133. doi: 10.1026/0012-1924/a000042
Mitchell, S., and Wilson, V. (2010). The subjective value of delayed and
probabilistic outcomes: outcome size matters for gains but not for losses. Behav.
Process. 83, 1–11. doi: 10.1016/j.beproc.2009.09.003
Monteiro, C. A., Levy, R. B., Claro, R. M., de Castro, I. R. R., and Cannon, G.
(2011). Increasing consumption of ultra-processed foods and likely impact
on human health: evidence from Brazil. Public Health Nutr. 14, 5–13. doi:
10.1017/S1368980010003241
Mueller, K., Anwander, A., Möller, H. E., Horstmann, A., Lepsien, J., Busse,
F., et al. (2011). Sex-dependent influences of obesity on cerebral white
matter investigated by diffusion-tensor imaging. PLoS ONE 6:e18544. doi:
10.1371/journal.pone.0018544
Murawski, C., Harris, P. G., Bode, S., Domínguez, D., J. F., and Egan, G.
F. (2012). Led into temptation? Rewarding brand logos bias the neural
encoding of incidental economic decisions. PLoS ONE 7:e34155. doi:
10.1371/journal.pone.0034155
Narayanaswami, V., Thompson, A. C., Cassis, L. A., Bardo, M. T., and Dwoskin,
L. P. (2013). Diet-induced obesity: dopamine transporter function, impulsivity
and motivation. Int. J. Obes. (Lond). 37, 1095–1103. doi: 10.1038/ijo.2012.178
Nederkoorn, C., Smulders, F. T. Y., Havermans, R. C., Roefs, A., and
Jansen, A. (2006). Impulsivity in obese women. Appetite 47, 253–256. doi:
10.1016/j.appet.2006.05.008
Nijs, I. M. T., Muris, P., Euser, A. S., and Franken, I. H. A. (2010). Differences
in attention to food and food intake between overweight/obese and normal-
weight females under conditions of hunger and satiety. Appetite 54, 243–254.
doi: 10.1016/j.appet.2009.11.004
Nummenmaa, L., Hirvonen, J., Hannukainen, J. C., Immonen, H., Lindroos, M.
M., Salminen, P., et al. (2012). Dorsal striatum and its limbic connectivity
mediate abnormal anticipatory reward processing in obesity. PLoS ONE
7:e31089. doi: 10.1371/journal.pone.0031089
Patton, J. H., Stanford, M. S., and Barratt, E. S. (1995). Factor structure of the
Barratt impulsiveness scale. J. Clin. Psychol. 51, 768–774.
Peters, J., and Büchel, C. (2010). Episodic future thinking reduces
reward delay discounting through an enhancement of prefrontal-
mediotemporal interactions. Neuron 66, 138–148. doi: 10.1016/j.neuron.2010.
03.026
Pignatti, R., Bertella, L., and Albani, G. (2006). Decision-making in obesity: a study
using the Gambling Task. Eat. Weight 11, 126–132. doi: 10.1007/BF03327557
Puhl, R. M., and Heuer, C. A. (2009). The stigma of obesity: a review and update.
Obesity (Silver Spring). 17, 941–964. doi: 10.1038/oby.2008.636
Rippe, J. M., and McInnis, K. J. (2001). Physician involvement in the management
of obesity as a primarymedical condition.Obes. Res. 9, 302S–311S. doi: 10.1038/
oby.2001.135
Roefs, A., Huijding, J., Smulders, F. T. Y., MacLeod, C. M., de Jong, P. J., Wiers, R.
W., et al. (2011). Implicit measures of association in psychopathology research.
Psychol. Bull. 137, 149–193. doi: 10.1037/a0021729
Roefs, A., and Jansen, A. (2002). Implicit and explicit attitudes toward high-
fat foods in obesity. J. Abnorm. Psychol. 111, 517–521. doi: 10.1037/0021-
843X.111.3.517
Rothemund, Y., Preuschhof, C., Bohner, G., Bauknecht, H.-C., Klingebiel, R.,
Flor, H., et al. (2007). Differential activation of the dorsal striatum by
high-calorie visual food stimuli in obese individuals. Neuroimage 37, 410–421.
doi: 10.1016/j.neuroimage.2007.05.008
Samuelson, P. (1937). A note on the measurement of utility. Rev. Econ. Stud. 4,
155–161. doi: 10.2307/2967612
Sanchez-Roige, S., Ripley, T. L., and Stephens, D. N. (2014). Alleviating waiting
impulsivity and perseverative responding by µ-opioid receptor antagonism in
two inbred mouse strains. Psychopharmacology (Berl). 232, 1483–1492. doi:
10.1007/s00213-014-3786-9
Scott, C., and Johnstone, A. M. (2012). Stress and eating behaviour: implications
for obesity. Obes. Facts 5, 277–287. doi: 10.1159/000338340
Shamosh, N. A., Deyoung, C. G., Green, A. E., Reis, D. L., Johnson, M. R., Conway,
A. R., et al. (2008). Individual differences in delay discounting: relation to
intelligence, working memory, and anterior prefrontal cortex. Psychol. Sci. 19,
904–911. doi: 10.1111/j.1467-9280.2008.02175.x
Shamosh, N. A., and Gray, J. R. (2008). Delay discounting and intelligence:
a meta-analysis. Intelligence 36, 289–305. doi: 10.1016/j.intell.2007.
09.004
Sharma, S., and Fulton, S. (2013). Diet-induced obesity promotes depressive-like
behaviour that is associated with neural adaptations in brain reward circuitry.
Int. J. Obes. (Lond). 37, 382–389. doi: 10.1038/ijo.2012.48
Sheets, V., and Ajmere, K. (2005). Are romantic partners a source of college
students’ weight concern? Eat. Behav. 6, 1–9. doi: 10.1016/j.eatbeh.2004.08.008
Stoeckel, L. E., Weller, R. E., Cook, E. W. III., Twieg, D. B., Knowlton, R. C.,
and Cox, J. E. (2008). Widespread reward-system activation in obese women
in response to pictures of high-calorie foods. Neuroimage 41, 636–647. doi:
10.1016/j.neuroimage.2008.02.031
St-Onge, M. P., Keller, K. L., and Heymsfield, S. B. (2003). Changes in childhood
food consumption patterns: a cause for concern in light of increasing body
weights. Am. J. Clin. Nutr. 78, 1068–1073.
Strahan, E. J., Spencer, S. J., and Zanna, M. P. (2002). Subliminal priming and
persuasion: striking while the iron is hot. J. Exp. Soc. Psychol. 38, 556–568. doi:
10.1016/S0022-1031(02)00502-4
Stunkard, A. J., and Messick, S. (1985). The three-factor eating questionnaire
to measure dietary restraint, disinhibition and hunger. J. Psychosom. Res. 29,
71–83. doi: 10.1016/0022-3999(85)90010-8
Takahashi, T. (2005). Loss of self-control in intertemporal choice may be
attributable to logarithmic time-perception.Med. Hypotheses 65, 691–693. doi:
10.1016/j.mehy.2005.04.040
Thaler, R. H. (1981). Some empirical evidence on dynamic inconsistency. Econ.
Lett. 8, 201–207. doi: 10.1016/0165-1765(81)90067-7
Treadway, M. T., Buckholtz, J. W., Cowan, R. L., Woodward, N. D., Li, R.,
Ansari, M. S., et al. (2012). Dopaminergic mechanisms of individual differences
in human effort-based decision-making. J. Neurosci. 32, 6170–6176. doi:
10.1523/JNEUROSCI.6459-11.2012
Tulving, E., and Schacter, D. L. (1990). Priming and human memory systems.
Science 247, 301–306. doi: 10.1126/science.2296719
Tusche, A., Bode, S., and Haynes, J.-D. (2010). Neural responses to unattended
products predict later consumer choices. J. Neurosci. 30, 8024–8031. doi:
10.1523/JNEUROSCI.0064-10.2010
Van den Bergh, B., Dewitte, S., and Warlop, L. (2008). Bikinis instigate
generalized impatience in intertemporal choice. J. Consum. Res. 35, 85–97. doi:
10.1086/525505
Van der Wal, A. J., Schade, H. M., Krabbendam, L., and van Vugt, M. (2013).
Do natural landscapes reduce future discounting in humans? Proc. Biol. Sci.
280:20132295. doi: 10.1098/rspb.2013.2295
Wang, G. J., Volkow, N. D., Logan, J., Pappas, N. R., Wong, C. T., Zhu, W., et al.
(2001). Brain dopamine and obesity. Lancet 357, 354–357. doi: 10.1016/S0140-
6736(00)03643-6
Wang, G.-J., Volkow, N. D., Telang, F., Jayne, M., Ma, Y., Pradhan, K., et al.
(2009). Evidence of gender differences in the ability to inhibit brain activation
Frontiers in Behavioral Neuroscience | www.frontiersin.org 15 October 2015 | Volume 9 | Article 278
Simmank et al. Inter-temporal decision-making in obesity
elicited by food stimulation. Proc. Natl. Acad. Sci. U.S.A. 106, 1249–1254. doi:
10.1073/pnas.0807423106
Wassum, K. M., and Izquierdo, A. (2015). The basolateral amygdala
in reward learning and addiction. Neurosci. Biobehav. Rev. doi:
10.1016/j.neubiorev.2015.08.017. [Epub ahead of print].
Watkins, B. A., and Kim, J. (2015). The endocannabinoid system: directing
eating behavior and macronutrient metabolism. Front. Psychol. 5:1506. doi:
10.3389/fpsyg.2014.01506
Weller, R. E., Cook, E. W. III., Avsar, K. B., and Cox, J. E. (2008). Obese
women show greater delay discounting than healthy-weight women. Appetite
51, 563–569. doi: 10.1016/j.appet.2008.04.010
Whiteside, S. P., and Lynam, D. R. (2001). The five factor model and impulsivity:
using a structural model of personality to understand impulsivity. Pers. Individ.
Dif. 30, 669–689. doi: 10.1016/S0191-8869(00)00064-7
Wiers, R. W., Van Woerden, N., Smulders, F. T. Y., and de jong, P. J.
(2002). Implicit and explicit alcohol-related cognitions in heavy and light
drinkers. J. Abnorm. Psychol. 111, 648–658. doi: 10.1037/0021-843X.111.
4.648
Wittmann, M., and Paulus, M. P. (2008). Decision making, impulsivity and time
perception. Trends Cogn. Sci. 12, 7–12. doi: 10.1016/j.tics.2007.10.004
Zauberman, G. A. L., Kim, B. K. Y. U., Malkoc, S. A., and Bettman,
J. R. (2009). Discounting time and time discounting: subjective time
perception and intertemporal preferences. J. Mark. Res. 46, 543–556. doi:
10.1509/jmkr.46.4.543
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Simmank, Murawski, Bode and Horstmann. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Behavioral Neuroscience | www.frontiersin.org 16 October 2015 | Volume 9 | Article 278
